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Abstract: The rapid and high-precision quantitative analysis of coal quality components is an important
link for factories to efficiently utilize energy. This article quantitatively measured the industrial characteris-
tics of fixed carbon (FixC), ash (Ash), volatile matter (Vdaf) , and calorific value (Q) of the collected
coal samples using our laser induced breakdown technology coal quality rapid analyzer. The measured data
were compared with manual measurement data in the laboratory, and it was verified that this method is ac-
curate and fast in coal quality analysis. Through testing the stability and dynamic precision of the equip-
ment, the results indicate that the rapid coal quality analyzer has high stability and meets the national stan-
dard requirements. When predicting coal samples with a distribution span of 5% ~60% ash content, by in-
creasing the sample size and increasing the prediction weight of high ash content coal samples in the mod-

el, the prediction accuracy of root mean square error RMSEP<1%, volatile matter and total sulfur RM -
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SEP<C1%, and calorific value RMSEP<C0. 18 MJ/kg can be achieved. The predicted results all meet the

requirements of industrial analysis and can meet the application needs of industrial sites, with broad pros-

pects for application in online coal quality detection.

Key words: Laser-Induced Breakdown Spectroscopy (LIBS); quantitative analysis; rapid coal analyzer;
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Fig. 3 Using LIBS industrial on-site equipment to collect coal spectral data and establish a quantitative analysis model
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Tab.3 Comparison of dynamic precision experimental re- Tab.6 Record of dynamic precision experiment-gradient
cords-ash gradient | total sulfur T
- S HT AR SWR SR ES 21 . I B ASUR B SR SR ES 21
A, HZ2%d, A, HZ2%d,
1 6.39 6.52 0.13 1 0.615 0.65 0.03
2 6.40 6.52 0.12 2 0.589 0.65 0.06
3 6.44 6.52 0.08 3 0.500 0.65 0.15
4 6.54 6.52 0.02 4 0.509 0.65 0.14
5 6.47 6.52 0.05 5 0.448 0.65 0.20
6 6.60 6.52 0.08 6 0.548 0.65 0.10
7 6.12 6.52 0.40 7 0.493 0.65 0.16
8 6.28 6.52 0.24 8 0.431 0.65 0.22
Eit 51.24 52.16 1.12 &t 4.132 5.20 1.07
R4 HEWHEBEEELRER-KOSBE I R EWHEHEEELRER-SELRI
Tab.4 Comparison of dynamic precision experimental re- Tab.7 Record of dynamic precision experiment-gradient
cords-ash gradient [[ total sulfur II
e I3 BTN E SR, %*ﬁﬁ(ifﬁ'ﬁ%th - Ir B AR B SR, ﬁi‘ﬁﬁiif{ﬁ'%?i}tt
A, Hz2%d, A, fHZ 2% d,
1 24.76 24.96 0.20 1 1.301 1.34 0.04
2 24.81 24.96 0.15 2 1.365 1.34 0.03
3 24.63 24.96 0.33 3 1.285 1.34 0.05
4 24.36 24.96 0.60 4 1.331 1.34 0.01
5 25.10 24.96 0.14 5 1.293 1.34 0.05
6 25.52 24.96 0.56 6 1.267 1.34 0.07
7 24.61 24.96 0.35 7 1.165 1.34 0.18
8 25.00 24.96 0.04 8 1.438 1.34 0.10
&t 198.78 199.68 2.36 Eit 10.444 10.72 0.52
x5 KWHEBEEEIKRER-KOBEI T8 AN[) ik B2 BE AR AR B AL 5% 22 25 2R
Tab.5 Comparison of dynamic precision experimental re- Tab.8 Prediction error evaluations of various major in-
cords-ash gradient [Il dustrial parameters under different content ranges
V5 SHEAY S —
g 0 ﬁmﬁ sifir, Zﬁzifi’w {;;J W BEE BE B M
1 4445 14.88 0.43 o BEEE L Al Kol 2ml 2ml
2 d.87 44.88 0.01 Ji% 00156 0.0412 0.2804 0.0041 0.0027
3 44.87 44.88 0.01 PRifEZE 01247 0.2029 0.5295 0.0643 0.0522
4 43.79 44.88 1.09 K 03206 0.5214 1.3608 0.1653 0.134 2
5 44.24 44.88 0.64 W 0.1395 0.2953 0.5817 0.1335 0.065 3
6 44.17 44.88 0.71
[ b8 M4 A AR o B A AR = A IR
S bl e he 53 BB B0 91 0B 0 S 1
it 354.85 359.04 4.65

IV At J3E 2 000 T b 3 3 1 B R ARG I e At R Y [
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32 %

PR, R E T H R EE RED
S0 TN TR 5 25 [ bR R0 . X R i T A
RET 3 B AR B 200 T N T I 4% 2% 1Y
B ML SE A, W FE BRI B = R 9 b il i X AR IR
WA PR B B Tl 80 K o R oy 4
o AR 190 5000 25 2R A7 40 B, o L A2 PR
L ELE AR AR AR N T AR I b TS AR

s o LIBS B9 55 & 1 BR AN P 80 0 L 2 2
FH AR YR T %5 B 4K R GB/T19952-2005¢ # 5¢ 78
LRI AR o AT b ) TS B a0 T AR B A
F14) e e R A A D T R ) BBl R AT S
N TG I A A ok BT 2 A R
B X S 56 AL A B R . TG A T
FF B B0 Ok PR GB/T29161-2012¢ h F 1% 1k

K R A7 5% B, g W an 2k 9 i, 24 v BT 271 1) TEL MM bn i) -
9 BEBEENILHEBLCE
Tab.9 Summary of Dynamic Precision Comparison Data
LIBS AT LR
W[
R P EE A ER TR
<15 0.32 0.14 0.2 0.3 1 1.2
WAy /% 15~30 0.52 0.29 0.3 0.5 1.2 1.6
=30 1.36 0.58 0.5 0.7 2 1.5
BE45 /% — 0.55 0.31 — — - -
/% — 0.15 0.15 0.1 0.2 0.3 0.3
P/ (MIkg ") — 0.4 0.45 0.45 0.6
Bk IF R BRI RGBT R 3 %

Or ROy A PR R T S R A )
SRR BLE B 245 N AR, XK 73 5 >
30% B Mrali R 22, B E PR IEA A (D)
AR TR R A R T AL AR 2 ) B REA
R T A TN BB 20K 5 (2) W BOBERE T RE A 2
B — R GRBE) S EAG IR ZZ B . X (2) T 2
TR dh | T ZEET X Bk AT A, S T T
T o
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